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a. Prototype pump for test
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1. Pump inlet 2. Shroud of impeller 3. Pump outlet 4. Volute 5. Shaft
6. Impeller 7. Centrifugal part of impeller 8. Screw part of impeller 9. Hub
of impeller 10. Shroud of impeller
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Fig.1 Prototype pump for test and sketch of impeller
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Table 1 Geometric dimension of impeller and volute

TiH

Z#{ Parameters HUH Values
Items
A3 122U Angle of leading edge £1/(°) 6
M 228U Angle of trailing edge £2/(°) 8
e i EL £ Blade wrap angle ¢/(°) 781
Impeller B
RS OB M Wrap angle of centrifugal part 1125
00/(°) ’
%84 7] )]~} Axial dimensions of impeller Z/mm 272.6
e #1158 £ Width of volute inlet b3/mm 76
Volute 151 1 1% Basic circle diameter Dy/mm 392

1.2 HEFER
121 Hkiiz shAEA

WURLCE LA PR SO FEE R ). s = 7).
ZEMBH AT Saffman F+77. Magnus Ft 711 Basset 71253 %,
IR, X BB EURLAE x 7 AR 82 R,
v z 7 ERZ LS x 7 A2 3L, AR

d _
ﬁ:FD(u—upH—gX(pp p)+FV+FP+FX (D
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S Fp(u-uy,) N9 [ AH RIORE FA) AL S5 B8 M
EDZIS%(%Re .
ppdp 24

X u RRAHER, m/s: w, RRRDERE, m/s; u N
AR /1B, Nesim®s p NIAAEFE, kg/m’s p, NP
R, kg/m’s d, NBRLER, mm; g N x HFRIES
IEERE, m/s’s Re NAIX TR Co NRITREG Ful
BB E S, N: Fe NIEJIBREEMISCHEIN T, Ns F, 9
KLFT 2 HAbAN I EIE 1, Ny ¢ NRENE ], s.
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SN SRR 5 3 9 B THI AIE 38 5 1 32 B s, 7
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1 I R R RECRHR, ARSCRA Tabakoff 54l
AR B 5 TR R I E R %A )

ey =1.0-0.0211y +0.002 28y* —0.000 000 876"  (3)

er =0.953—-0.000 446y +0.000 006 485> (4)
K en WIEHIRE REG er AVIAKE REG » RTRL
HEEHMrhE A, (0.
1.2.3 BHAEAR
1) Mclaury &5
F[E Tulsa K% E/CRC BE7FIEEPAT 72 AT Mclaury
SRR T SMURCE FE L i A R B AR A O () B 4
A E, HRikz AR
E=AFJV"f(y) (5

A=FBh* (6)
X E ARMERE, kg/(mbs); FAZRKER: VN
KL, m/ss fAy) i AR S y ROk BETH o
R, (9 Bh NEETHARMOAG KA, N/mm?; XF6%
W, FaH k=059, A4=1.997¢”, 16%n=1.73, MK
BT AR o B 2 mis R IA
y<I15°M} f(y)=by* +cy 7
y>15°1} f(y) = xcos? ysin(wy)+ ysin®(y)+z  (8)
y NS REH A, (O by on xv ys 2o w
BIRHEB, b=-13.3, c=7.85, x=1.09, w=1, y=0.125,
2) OKA BEf5fs7Y
FHEL A Mclaury 1857, 5 2 AH ST K R R [ OKA
PR TR S B ALS, $EH T — AN EFE RO B A
TR HRARE B RORL R T A S R E B
E=f(y)Ey (9

f(y)=(siny)" [1+HV (1—sin7/)]n2 10>
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K Vi NBHEIEE, V=104 m/s; d F dee 53 5 N 0RE
HIEMBHEEL, de=326 um; ki ko F1 ks 53 5 AR
T ARIARTER, k=0.12, k=23 (H) **%, k=0.19;
K NALHE
2 BETEREREIE
2.1 PHEXI S R4S T X M LEE
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W 3 Fom . B2 e &35 A B4 328 627,
FE 27509, M-TiL 354 (IR 12 603, #45%¢ 100 980, #
FEEIE N 469 719,

B2 Ak d SR ZERE M

Fig.2 Three-dimensional model mesh of screw centrifugal pump
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Fig.3 Grids independence test and verify
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F U AR K AU S A R T UL R A, A
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YR AR AR RSN s 2) ASCHTIT ST RURL R
i, HBSTRY B Bk, HIFEwW
RS BRL(dy=1~10 pm), FETHEN 2 BURL ) B £ g
RSP SR AR AN F75 3D ANZE SR A 5 I AA S doxd it
TR P e R S Tk b R P

RURLAE A1 L1 b DU R B3 S NG, sk,
1 25 AT 3 BB kR AT, RO 1 A
PA— e s TR I, ARSI R R B R, kA
BRI, R AN 5 TH SR A A R T 1 A
AT B NI TR AT
2.3 HEFRZERNEHIE

N BAEBUE TR IR S B, KB T R A
HIFERRAEE K LOL N YR il ge 45 REAT XL, 5
FEH N B RAENE R RGE SR =T, ARIr%Es
4 GB/T 3216-2005 [815% 8} /322 K F7 1 BE S8 S S AH SR
SE. ZEH RN EERHA EMFMHMD3000 A H R &
Th, MEREFER T 0.5%FS: 50 i il & e Y NJ1 A %%
FOEL TR IRAR, FERESES0N 0.2 9 HEH D 77 &k L
ACCI50PA U J AL k4%, WIS VEH9 0~4 MPa, F5/E
LN 01 o ISR BOEZE. fE. B
A HE T SRAFAA RN R AA

2 AR R TR 5 IR A A 1R 2 0T
R TR, SRR ERCARR 22N 3.82%, e/ MEXTR
FEN 2.04%, FERRZEN 2.95%; R KHIHEZE N
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ERHE T RS R m TR E, FEFERBE TR
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*2 FURITEESKEERMNIRESF
Table 2 Analysis of relative error between calculated and tested
values of pump performance

TR 2¥ e 77 RO & S & <Y s R ORTA
Conditons Par;meters Head/m $R% Head Efficiency/ 2 Efficiency
errors/% % errors/%
HfA it 5 eE 37.8 244 579 321
Calculated values
0.704 —
WS 36.9 244 56.1 321
Tested values
AfAit 5o 35 2.04 63.1 227
Calculated values
0.9 Ou —
A 343 2.04 61.7 227
Tested values
HfA it 5 eE 326 3.82 62.5 1.79
Calculated values
1.004 —
WS 314 3.82 614 1.79
Tested values
AfAit 5o 272 3.42 59.2 1.54
Calculated values
1.1 04 —
WS 263 342 583 1.54
Tested values
I
Adrit 5o 203 3.05 483 233
Calculated values
130
A 19.7 3.05 472 233

Tested values/m

W Qo AT LI R R .

Note: Qq is the flow rate under the design condition.
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SHy) ( 0.908 j
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Fig.4 Material properties function trend of flow
passage components surface
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Mclaury F8 i phi R ECH 7 BE 2 X, T OKA 2 5Y
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Y IQHE LY 1.8 GPa W), AN[F] iy /1 B2 T v 7 eR B AR
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Fig.5 Variation trend of impact angle function

3.3 FUNIRESEHRAYKEL

TORLZ)) B B 5 B, PO AR o B 45 B
WLIEE (1 0 &R RIAE AT R

W=K-v (16)

v, WIROESE, m/s; n ALKFE, £ Mclaury 5%
B, n=1.73; OKA B, =235, ATLLAEH, 2 Fid
R o R e o T B R AR R AR ROR R, 1T HUEB 4R
HHEERIEMAX, HRERBEEIUEAAR, Joid2m
oA, SR I T A Db AN W] 20 1) S P S i ] 7 o
3.4 BNYIMES B KB

RORLHBERE . TR 2 FEATRIAR 3L [ A B 1 MR
B 55 . KFEE Mclaury BEESRT OKA RERY R &1, 7 AH R A
RV FE AR, BT 2 VR 5 T R R X B 453 () 52,
H & F, RERPRICR: ST FRAMAPRL, F=1, T
EEREERL, F,=0.5; X TERKERL, F=0.22%, TG
HHRARE N B IR S I PeE MR R AR
FE R A e T SR ER R, FLBORI 2 B35 °h 2 650 kg/m'

T LA E 2 i EE R v I IR oR B A T 4
G VTS R 1| viod: V& D YA 9 b SR X () ok (Y e s =
ASCAREIERILLT 2 M E R H—, XHEIR AR
L2 B 08 T 5 R P 3 S A 2 T B 5 LI R A T e
S, JEE 2 PRI, DL ST SR IR B R RO
SRS B E R L, AR REGR, N
B E B O IR — AR K J1 1T, AT s L R R
B T I .
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U BN 5%, AT _E IR SR 1A, IR
LK LVE W, EMERIREMIIT, AR IR R
B 7 1A1IZ A5 58 A Tl 1) 20428 1) (R IE 9, e Sk S A
e RO, BERER . BEEM e MAEm,
e YR BN T R TR, B A AR T S T
PR ZE, W LAVE AR A TRIE P R, AR 42000
£ BT RS 25 5 AR A R A P 2E T IR 35 )T R A ] IR
W EERESIIINT, 1% IR A RE 0 K E,
SEIT AL T 240° 60 f BT 1) 85 AT BEAC AL
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Fig.6 Pressure and streamlines on meridian plane of impeller
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WA, AE z 807 Ry ik 3 A, il 7 Brs, B8
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D365

B7 thesorEH

Fig.7 Diagrammatic drawing of axial cross section

e Zis Zo R Zy AR 3 AR R AT, o A AR DT 1)
Note: Z,+ Z,and Z; are 3 axial sections of impeller. w is the rotation direction of
impeller.

B8 saREEASHEALE

Fig.8 Pressure and streamlines on axial cross section
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- Sk 38 X SR g B AR 2 BRI, 3 2 DR A 24 R 28 N
MFE R, 2B A RO Rem, Lo o 38R 7 [ A )
(5 AR /N, AT LT LU A S 7 170 5 0 A T Al
i, X RO R IR e A A T Sk B 4
FEEE; R, TEMFACTEFEER R, ORI TR AR 1)
HEER N, SWHgRE, ERBER. R, @
IEPE Ob RHL, R T B AR X s i A T B A5 X
WEMNEE, FEERENRERERAZ S
BB o HHURTE B IR RS TAR IR ER R N, AR B O
BUR B IR REFE W N R RE MO0 EE, e RV B0
B A A W 7 /N, T A5 I S AR R 4 R
TIFAE, SRR TR S A T BN FE, M
MR T B0RLS TAETH (AR s 4k, HFr A TAE
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Erosion rate/(kg-m2s™)
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b. Suction surface

a. TAEm

a. Pressure surface
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Fig.9 Erosion wear on blade surfaces

4.3 BEtRBIRY 3T LI IE

T SR A SCHE T SRR FH S AR Y I 3
1E Fluent #1435 5] X\ Mclaury 1 OKA 2 Ff BE 35 T AR 7Y,
FEAE 5 SCHRIS AR R IR b 260 T M8 e 25 00 2 N S5 i 3
HATIRE, b, KRN 0.27 mm, [FEARAF S ECH
5%, YPRIBEE AN 2 650 kg/m® o K I SRR A IR T 5
MIEH FIFFEG, A 8 g R EER 20 D 11 AN X,
AT A5t g 52 Y B S AN AT P I BB R, Rl s =
B 10 Fros, tHEZR S SSEX B 11 B,
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a. SRS A FE M

a. Volute circumferential angle distribution

b. SRTEAEIRI S

b. Division of volute sections

e ST 1B 9 iR SE N BER 1R R 73 1 9 AN
Note: Plane 1 to 9 are 9 sections that are divided along the circumferential inner
wall of the volute.

B 10 #Hhosmks ke

Fig.10 Cross sections of volute on angular basis

HHEE 11 ATR, WA 5T PN R R 45 X 3 B AR R TR R
(0=20°) Fl 0=300°#H i, KM 2 PR 545 H
BN B S S B KA 22 1.35 kg/(ms), {HIRFE %
FRTH B 12 R & 34 2 55 SCHR[S] 1 sl 45 B W4
Mclaury RS B RAA ESTE A, PR 2
IEENT 13.3%, T OKA A5 SEF A 1R 2N
6.4%, S LS REON BT . BUE T S R 5 A E
R ZE RO DR A [ AH JORE AE AR XHE Bl 72 Ao il it
EAE T B E . 4R R R A AR, 0 R
1, BE TSR A BRI T I R 3R TH B A S B
FEAE MR RN B . TELE AR 2 P U B
LRI E G, ALk OKA BRIk & B frit Bkt
TR 2 T 1) B AR 40

= SCHR[SISENIME

12 ¢ Measured value of [5]
— - OKA ERIHHH

10 | Calculated value of model OKA
— Mclaury #EIHBAE

Calculated value
of model Mclaury

BEHI# Erosion rate/(kg-m2-s7)x10-

0" 40 80 120 160 200 240 280 320 360
J&IE 4 E Circumferential angle/(°)
/11 #wEAEERY A

Fig.11 Erosion rate density on volute inner face

4.4 BRIAIRI BRI

VAT 4 SR 3 Y] 3 01 R e 7K 2 A% B ] 7K X T B g 4
PP RARRRC RG], 2 H FERARLE 0.05 2 0.2 mm
A P I RORE AR SN G, THE T AN [RRLAR S T
RGP B R E R, B 12 ATE, BRI SEA
0.05 H4KE] 0.16 mm JEFHE P, H3R5E 4 BEEE 1 & S 4R 1
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Effect of particle parameterson flow field and erosion wear characteristics
of flow passage componentsin screw centrifugal pump

Shen Zhengjing™?, Chu Wuli**, Dong Wei*
(1. School of Power and Energy, Northwestern Ploytechnical University, Xi’an 710129, China;
2. School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Sediment erosion wears are recognized as serious engineering problems in slurry handling industries. As a kind of
solid-liquid two phase flow delivery pumps, screw centrifugal pump has a wide efficiency region and non-plugging
performance, however, the problem of erosion wears in it can not be overlooked. In this study, the flow field of screw
centrifugal pump was simulated by using the Euler-Lagrange method when the numerical results coincide well with the
experimental results. The RNG (renormalization group) k-¢ turbulence model was used to solve fluid flow based on the
grid-scale, and the DPM (discrete phase model) method was used to solve the information of particle motions under the
particle-scale. The impact of particles to impeller and volute surfaces were calculated through the Tabakoff particle restitution
coefficients formula. The grids of computational domain were generated by ANSYS ICEM (integrated computer engineering
and manufacturing) software. Because of the complex structure of the screw centrifugal impeller, the tetrahedron and triangular
prism hybrid grids which had strong adaptability were selected. And the grid project was thought to be suitable for
computation after the grid independence test and verify. The interface between dynamic and static domain was set to frozen
rotor, and also the wall free sliding function was used. The SIMPLE algorithm was used to couple the pressure and velocity of
the computational domain, and the two order upwind scheme was used to discretize the N-S equation. The convergence
precision as 10 was set when the total pressure of the pump outlet tends to be stable, and it was considered that the
convergence standard was reached. We adopted the Mclaury and OKA models to predict the flow passage components erosion.
By calculating and deriving the correlation factor functions contained in those two erosion models, it was found that the
function of material hardness and impact angle almost had the same trend of change in two models. The hardness of material is
negatively correlated with the erosion rate. With the increase of impact angle, the impact angle function of two models
increased rapidly first and then tended to be stable, and reached the maximum near the 40 degree. After the overall
consideration, we selected particle velocity, particle size and particle concentration as the influencing factors to analysis the
erosion damage of flow passage components under different particle parameters. The results showed that the erosion of
impeller was mainly concentrated at the head of pressure face, the shroud of screw part and the centrifugal part of suction face.
As for volute casing, volute tongue and belly portions at the circumferential angle of 281° were found to be the most serious
regions of erosion damages. Particle velocity was positively correlated with erosion, when the particle size ranged from 0.05
mm to 0.16 mm, the increase of particle size promotes erosion, and when the particle size was greater than 0.16 mm, erosion
rates increased slowly. That was because the “size effect” of particles inhibited the development of erosion. The increasing of
particle concentration also showed the same trend. When the particle concentration was at the range of 3% to 6%, the
increasing of particle concentration would aggravate and erosion was destroyed. While from 6% to 7%, the increasing of
particle concentration produced the opposite result. On this basis, the optimization direction of the hydraulic design and
structural design of the solid-liquid two-phase flow pump was shown, which laid a foundation for improving the anti-wear
erosion performance of two-phase flow pumps. Firstly, it decreased the blade inlet angle to reduce the impact angle between
particles and the head of impeller. Secondly, it thickened the centrifugal part of suction surface properly. The third, volute inner
wall thickness can be gradually increasing along the circumferential direction. Finally, as long as the whole structure permits,

the volute tongue can be removable.
Keywords: centrifugal pump; models; erosion; particle parameters; solid-liquid two phase flow



